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lOTRODUCTION 


The  objective  of  this  contract  is  to  Design  and 
Fabricate  a  Ouadrupole  ?!ass  Spectrometer  to  be 
used  for  studying  the  contaminants  in  the  orbital 
shuttle  environment. 

In  addition  to  sampling  masses  in  the  1  AIIU  to 
70  AltU  range  the  instrument  will  attempt  to 
measure  vehicle  to  plasma  potential  and  bias  the 
quadrupole  in  such  a  way  as  to  cancel  the  effects 
of  the  spacecraft  charging. 

The  Instrument  will  also  have  an  ionization  source 
to  provide  for  neutral  particle  measurements. 

A  portable  console  will  be  fabricated  to  be  used 
during  vacuxjm  and  environmental  testing  and  will 
provide  telemetry  power  and  monitor  functions 
normally  provided  by  the  spacecraft  during  flight. 


INSTRUItENT  DESCRIPTION 


The  electronics  portion  of  this  mass  spectrometer 
consists  of  the  following  subassemblies: 

1.  DC  Sweep  Generator 

2.  DC  Sweep  and  Bias  Amplifier 

3.  RF  Oscillator 

4.  Multiplier  Logarithmic  Electrometer 

5.  Auxilliary  Circuits 

la.  Two  Power  Converters 

2a.  Emission  Regulator 

3a.  Aperture  Logarithmic  Electrometer 

4a.  Ground  Reference  Logic 

5a.  High  Voltage  Interface 

6.  Test  Console 

DC  Sweep  Generator 

The  DC  Sweep  Generator  shox^n  in  Drawing  C-3093 
produces  the  waveform  which  is  used  to  control 
rod  bias  in  both  dynamic  and  static  modes .  A 
static  mode  being  one  which  is  entirely  devoted 
to  one  particular  mass. 

The  vjaveform  is  generated  as  counter  U5  scans 
the  proms  at  a  rate  of  10  milliseconds  per 
step.  The  proms  have  been  preprogrammed  and 
.sequentially  outputs  a  ten  bit  code  to  the 
digital- to-analog  converter. 
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Each  mode  may  have  2  or  64  different  analog 
levels  as  determined  by  addresses  AO  to  A5  on 
proms  U6  and  U9 . 


If  it  is  desirous  to  sit  on  one  mass  for  the 
entire  mode,  then  each  of  the  64  words  in  that 
mode  will  contain  the  same  output  codes. 

The  microcontroller  in  the  ground  reference  logic 
(D-4002)  may  select  one  of  32  possible  scan  for¬ 
mats.  These  formats  are  selected  by  way  of  A6 
to  AlO  on  the  memory  chips  U5  and  U9 .  The  micro¬ 
controller  has  a  feedback  line  from  counter  U5(C3093) 
which  will  change  logic  level  whenever  the  scan 
counter,  coimts  from  its  final  output  (63)  back 
to  the  first  output  (00) . 

There  are  six  extra  bits  available  from  U9 .  One 
of  these  bits  is  used  to  control  a  total  ions 
mode,  (bit  D2  of  U9) .  Another  of  these  bits  is  used 
to  control  the  retard  bias  mode  (bit  Dl  of  U9) . 

The  output  from  D/A  circuit  U7  and  Ull  is  used 
to  drive  the  DC  Sweep  Amplifier  and  the  RF 
oscillator  (Drawing  C-3092). 

DC  Sweep  And  Bias  Amplifier 

The  DC  Sweep  Amplifier  supplies  equal  but 
opposite  polarity  voltages  to  the  quadrupole  rods. 
The  voltage  amplitude  depends  on  the  particular 
mass  to  be  focussed  and  must  be  maintained  at  a 
fixed  ratio  relative  to  the  peak  RF  amplitude  in 
order  to  obtain  good  mass  resolution. 


The  amplifiers,  U5  and  U6,  shown  in  Drawing  C-3092, 
are  a  hybrid  high  voltage  operational  amplifier 
manufactured  by  Burr  Brown  (Model  3582J) ,  The 
circuit  is  a  linear  amplifier  capable  of  sweeping 
from  0  to  +  80  volts  relative  to  the  rod  bias  of 
-15  volts  or  +2  volts  with  respect  to  vehicle  potential 

The  pre-amps,  U2  and  U3,  are  a  low  drift  version 
of  the  741  type  op  amp  (Burr  Brown  Model  3510) . 

An  op  amp  U2  is  used  to  drive  the  main  amplifier 
(U5  and  U6) .  Op  amp  U3  controls  the  output  amplitude 
of  the  RF  oscillator. 

Output  of  the  DC  sweep  is  supplied  to  telemetry 
in  a  0  to  5  volt  level  by  way  of  op  amp  U7 
(Drawing  C-3092).  The  output  of  U7  is  isolated 
from  signal  ground  through  isolation  amp  U12 
(Drawing  C-3093). 

Analog  Switch  U1  is  a  dual  TTL  input  analog 
switch  made  by  Siliconix  (type  DG200) .  In  the 
total  ions  mode,  the  switch  disconnects  the 
sweep  generator  from  the  DC  sweep  amplifier. 

When  it  is  desired  to  retard  the  bias,  the 
svjitchputs  a  -15V  input  in  amplifier  U4  (Burr 
Brown  3581) .  The  output  of  this  amplifier  is 
used  as  the  voltage  reference  for  the  aperture 
electrometer.  It  is  also  used  by  the  DC  sweep 
amplifier  to  adjust  for  the  changes  in  bias. 


RF  Oscillator 


The  RF  oscillator  (Drawing  C-857)  consists  of 
two  sections,  the  oscillator  proper,  and  the  con¬ 
trol  and  monitor  section. 

The  oscillator  is  a  tvmed  secondary,  Hartley 
oscillator  with  the  frequency  being  determined 
by  the  inductance  of  the  secondary  winding  and 
the  rod  capacitance.  The  secondary  is  split 
and  capacitive ly  coupled  so  that  a  +  DC  voltage 
can  also  be  applied  to  the  rods. 

The  amplitude  and  power  to  the  oscillator  is 
controlled  by  the  base  drive  of  transistors 
Q1  and  Q2.  A  servo  loop  consisting  of  ampli¬ 
fiers  Ul,  U2  and  U3  maintain  the  peak  RF  ampli¬ 
tude  at  a  fixed  ratio  relative  to  the  DC. 

The  output  of  a  control  winding  is  peak  detected 
by  U3  and  summed  into  the  input  of  Ul  which  in 
turn  supplies  the  base  drive  of  transistors  Q1 
and  Q2.  Ferrite  beads  are  used  in  the  os¬ 
cillator  base  drive  windings  and  in  the  control 
winding  to  suppress  parasitic  oscillations. 

The  predominant  parasitic  is  usually  about 
twenty  mega  hertz  for  this  particular  layout. 

The  oscillator  coil  is  wound  on  a  one  inch 
diameter  hollow  cylinder  of  Alvminum  oxide  and 
has  a  turns  ratio  of  1,2,2, 1  in  the  primary  and 
a  104  turn  center  tap  secondary. 


The  frequency  of  oscillation  is  fixed  at  about 
3.5  mega-hertz  and  the  amplitude  varies  from 
0  to  600  volts  peak  to  peak.  The  oscillator 
coil  is  mounted  in  a  shielded  cavity  and  iso¬ 
lated  from  the  rest  of  the  circuits  to  minimize 
RF  interference. 

Multiplier  Logarithmic  Electrometer 

The  schematic  for  the  multiplier  logarithmic 
electrometer  used  to  measure  the  spectra  data, 
is  shown  on  Drawing  C-3088.  The  amplifier  has 
a  logarithmic  transfer  characteristic  and 
provides  an  output  voltage  of  zero  to  five  volts 
for  an  input  current  of  500  picoamps  to  5  micro- 
amps  . 

The  amplifier  is  designed  around  a  very  high  in- 
put  impedance  (lO"^  ohms)  integrated  operational 
amplifier.  This  design  uses  the  Analog  Devices 
AD515K  amplifier  and  is  designated  U1  on 
Drawing  C-3088. 

The  logarithmic  characteristic  is  obtained  from 
the  relationship  between  the  collector  current 
and  the  emmitter-base  voltage  of  standard 
junction  transistors. 

The  base  emmitter  voltage  changes  approximately 
60  millivolts  for  every  decade  change  of  input  current 
at  25*^C.  The  60  millivolts  is  amplified  by  use 


of  a  3  network  consisting  of  R2 ,  R4  and  SI  so 
that  the  output  presented  to  telemetry  is  1 
volt  per  decade. 

The  transistor  01  is  a  dual  NPN  in  the  same  TO -5 
can.  A  dual  transistor  is  used  to  compensate 
for  the  change  in  the  base  emmitter  voltage 
with  temperature.  The  compensation  is  accom¬ 
plished  by  holding  the  collector  current  in  the 
transistor  on  the  right  hand  side  at  a  constant 
value.  The  change  in  Vbe  with  temperature  is 
approximately  2  millivolts  per  degree  centigrade. 
If  the  right  hand  side  tracks  the  left  hand  side, 
a  ^  change  will  appear  at  the  common  emmitter 
point  and  not  at  the  output. 

To  prevent  latch-up  from  opposite  polarity  inputs 
(spikes,  transients,  etc.)  the  amplifier  has  a 
reverse  polarity  limiter.  Transistor  Q3  will 
conduct  and  prevent  the  amplifier  from  going 
into  an  'bpen  loop"  state  in  the  event  of  a 
positive  input  current. 

The  electrometer  has  a  buffer  amplifier  to 
provide  a  TM  compatible  output  and  provide 
isolation  from  long  lines. 

Auxiliary  Circuits 

The  auxiliary  or  support  circuits  are: 


(a)  Power  Converters  (2) 

(b)  Emission  Regulator 

(c)  Aperture  Electrometer 

(d)  Gromd  Reference  Logic 

(e)  High  Voltage  Interface 


2.5.1  Power  Converters 


There  are  two  similar  power  converters  shown 
on  Drawings  C-3091  and  C-3090.  Converter 
C-3090  provides  the  power  for  telemetry  buffers 
the  microcomputer  and  the  bias  amplifiers. 
Converter  C-3091  supplies  the  power  for  all 
of  the  floating  assembly  including  the  RF  os¬ 
cillator. 

The  converters  use  a  transformer  designed 
around  a  ferrite  core  and  driven  by  a  fixed 
frequency  oscillator.  A  buffer  U3  is  necessary 
between  the  oscillator  Ul  (C-3090)  and  the  FET 
drivers  Q1  and  Q2  because  of  the  input  capaci¬ 
tance  C _ . 


Without  the  buffer,  the  transistors  Q1  and  Q2 
have  a  tendency  to  heat  up  because  of  the 
slower  turn  on/tum  off  times.  A  switching 
regulator  designed  with  U7  and  U2  increases  the 
overall  efficiency  over  the  input  voltage  vari¬ 
ation  of  +26  volts  +32  volts. 


One  winding  on  the  main  power  converter  supplies 
power  and  synchronization  to  the  floating  con¬ 
verter  and  insulation  to  withstand  3000  volts 
was  required  to  isolate  it  from  the  rest  of  the 
transformer. 


.*  v’.-,-  ■ 
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2.5.2  Emission  Regulator 


The  Emission  Regulator  circuit,  Drawing  C-4003, 
is  designed  to  regulate  anode  current  and  bias 
the  filament  and  grids  to  their  specified 
voltage.  A  switching  regulator  is  used  in  the 
pre  regulator  circuit.  This  pre  regulator  is 
designed  around  National’s  011605  Hybrid  Switch 
ing  Regulator.  The  output  supplies  the 
voltage  into  Tl  of  the  emission  regulator  power 
converter. 

The  converter  supplies  power  to  the  Filament  of 
the  emission  regulator.  The  transformer  used 
in  the  converter  is  designed  around  a  ferrite 
core  and  driven  by  the  oscillator  on  the  main 
power  converter.  This  is  done  to  keep  the  two 
DC  to  DC  converters ,  synchronous . 

Anode  current  is  monitored  by  operational  ampli 
fier  U4  and  U6.  Amplifier  U4  is  wired  in  a 
current  to  voltage  converter  configuration 
and  feeds  optical  isolator  U5.  This  optical 
isolator  feeds  back  to  the  pre  regulator  to 
adjust  the  pre  regulator  voltage  in  a  way  that 
the  anode  current  remains  constant.  Amplifier 
U6  amplifies  the  voltage  across  current 
resistor  R20.  This  signal  is  conditioned  to  a 
0  to  5V  level  and  sent  to  Tii. 


other  parameters  that  are  monitored  and  sent 
to  TM  are  emitted  current  and  filament  bias. 
Emitted  current  is  conditioned  and  amplified 
by  two  operational  amplifiers  contained  in  U7. 
Filament  bias  is  monitored  by  U3. 

Tlie  emission  regulator  is  enabled  by  the  signal 
Mode  II,  from  the  ground  reference  logic.  This 
signal  is  isolated  from  power  return  through 
optical  isolator  U8  (GE  MCA255) . 

2.5.3  Aperture  Logarithmic  Electrometer 

The  aperture  electrometer  is  used  to  measure 
ion  particle  densities  and  neutral  pressure. 

This  information  will  be  used  to  correlate 
with  the  spectra  output  data. 

The  operation  of  the  aperture  electrometer 
(Drawing  C-3089)  is  similar  to  the  previously 
mentioned  multiplier  electrometer.  One  change 
is  in  the  logging  transistor  type  used.  Another 
is  the  reverse  polarity  limiter. 

To  prevent  latch-up  from  opposite  polarity 
spikes,  diode  CR3  will  conduct  and  prevent 
the  amplifier  from  going  into  an  open  loop 
state  in  the  event  of  a  negative  input  current. 

2.5.4  Ground  Reference  Logic 

The  ground  reference  logic  is  designed  around 
an  eight  bit  integrated  microcomputer  which  is 
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a  generic  product  of  the  Motorola  6800  micro¬ 
processor  family. 

The  68705  (U3  of  D-A002)  has  three  digital  I/O 
ports  and  one  analog  multiplexed  port. 

The  three  digital  ports  are  assigned  to: 

(1)  Accept  commands  during  testing 
and  flight. 

(2)  Select  a  sweep  mode  by  controlling 
the  memory  in  the  DC  sweep  generator 
circuit . 

(3)  Set  the  spectrometer  bias  level  by 
way  of  U8,  U12  and  U13  on  D-4002. 

The  digital  ports  are  programmed  to  be  either 
input  or  output  during  a  cold  start  initializa¬ 
tion.  The  commands  are  inputed  to  the  micro¬ 
computer  on  Pins  9 ,  10  and  11  with  a  command 
of  111  serving  as  a  reset  in  case  of  computer 
hang  up. 

After  a  command  has  been  accepted  from  the 
spacecraft,  the  microcomputer  will  refer  to  a 
look  up  table  which  has  been  burned  into  its 
monitor  ROM  and  proceed  to  execute  that 
particular  subroutine. 

The  commands  are  latched  until  a  new  command  is 
sent  which  eliminates  the  need  for  handshaking 
and  allows  for  a  simple  polling  subroutine  to 
detect  a  change  in  the  command  word  status. 


Pins  25  to  29  are  programmed  to  be  outputs  and 
control  the  floating  memory  bank,  by  way  of 
opto  isolators  Ul,  U2  and  U3  on  C-3093. 

This  output  could  be  considered  a  page  register 
with  each  page  containing  a  different  quadrupole 
rod  sweep  mode. 

Pins  33  to  39  are  used  to  generate  the  spectro¬ 
meter  bias.  The  spectrometer  bias  is  generated 
by  applying  a  digital  word  to  U8  which  sets  an 
analog  level  between  0  and  +10  volts.  The  D/A 
output  is  then  amplified  by  way  of  U16,  U15  for 
the  lower  voltage  mode  or  by  way  of  U17  and  the 
Venus  High  Voltage  Supply  for  the  high  voltage 
mode . 

The  low  voltage  mode  has  two  parts :  A  0  to  10 
volt  sweep  and  a  +10  volt  to  +100  volt  sweep. 

The  high  voltage  sweep  is  used  for  the  region 
of  +100  volts  to  +2000  volts. 

Two  analog  switches  are  used  to  change  the 
gain  and  offset  of  the  amplifiers  and  are  con¬ 
trolled  by  digital  bits  A5  and  A6. 

A  high  voltage  relay  K6  of  D-4002  is  used  to 
output  the  bias  voltage  to  the  floating  section. 
The  relay  is  rated  for  8000  volts  and  is  manu¬ 
factured  by  the  Kilovac  Corporation.  The  relay 
position  is  controlled  by  a  bit  A6  from  the 
microcomputer . 


The  microcomputer  uses  one  port  for  interfacing 
with  analog  voltages.  A  built  in  multiplexer 
and  A/D  converter  allow  for  several  analog 
voltages . 

2.5.5  High  Voltage  Interface 

The  high  voltage  interface  betv;een  the  floating 
spectrometer  and  the  spacecraft  ground  re¬ 
ference,  includes  power,  digital  and  analog 
signals . 

The  power  interface  is  a  transformer  winding 
which  is  insulated  to  withstand  greater  than 
3000  volts  of  stress.  The  digital  interface 
is  Darlington  Opto  Isolators  such  as  the 
Hewlett  Packard  HP2730  which  require  re¬ 
latively  low  input  currents,  and  are  driven 
from  the  buffered  output  port  of  the  micro¬ 
computer. 

The  analog  signals  coining  back  from  the  floating 
spectrometer  are  the  aperture  electrometer  the 
DC  monitor  and  the  PvF  monitor. 

The  isolation  amplifier  used  for  the  analog 
signals,  is  an  Analog  Device  AD294.  The  ampli¬ 
fier  fits  into  the  standard  40  pin  package 
profile  and  is  rated  for  4000  volts . 


The  amplifier  uses  the  chopper  transformer 
method  of  isolation  to  couple  signals  back  to 
telemetry  ground  referenced  circiiits. 

New  opto  isolated  analog  integrated  circuits 
are  available  but  none  have  a  high  voltage 
specification  good  enough  to  be  used  in  this 
instrument . 

Test  Console 

A  test  console  is  supplied  with  the  mass 
spectrometer  experiment  to  allow  for  field 
test  without  the  need  of  a  large  number  of 
test  instrijments . 

The  test  console  will  supply  the  power  and 
timing  ftmctions  and  display  mode  and  data 
signals  received  from  the  experiment. 

Auxiliary  jacks  are  available  to  allow  for 
more  precise  measurements  of  each  parameter. 
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